Purpose: The systemic chest veins may be difficult to show comprehensively by contrast venography, especially if there is limited venous access or contraindications to intravenous contrast. As an alternative, can magnetic resonance angiography (MRA) reliably detect occluded chest veins and predict suitable sites for central venous access? Patients and methods: Eighty-four patients were examined using breath-hold time-of-flight MRA and three-dimensional image reconstruction. Thirty-three were evaluated to identify possible central venous access. Fiftyseven patients were examined to diagnose and stage central venous occlusion. Results: The associated diagnoses were malignancy 46, parenteral nutrition 21, hemodialysis 6, chemotherapy 4, and other long-term venous access 7. Of the 28 patients in whom MRA predicted a patent site for central venous access, satisfactory access was achieved. In two patients, cannulation of veins shown to be occluded on MRA was a previous, more limited study,7 we showed that magnetic resonance angiography (MRA) was accurate in the detection of central thoracic venous occlusion. The purpose of the current study was to further evaluate the use of MRA for diagnosing central thoracic venous occlusion and predicting suitable sites for central venous access.
METHODS
Magnetic resonance angiography was performed using sequential, two-dimensional, time-of-flight MRA.7-9 This was a flowcompensated, fast-low-angle-shot (FLASH) optimized for use on a 1.0-T superconducting magnet (Siemens Magnetom SP, Siemens Medical Systems, Iselin, NJ). The imaging parameters were as follows: repetition time (TR), 30 ms; echo time (TE), 10 ms; flip angle, 30°; one signal acquired. A short TE of 10 ms was chosen to enhance fat-water phase cancellation effects. As venous flow in the chest has relatively low velocity and has limited pulsatility, it was not necessary to use ECG gating or k-space segmentation. Selective venographic images were obtained by placing a selective presaturation pulse (Fig 1) through the heart 10,11to suppress aortic, cardiac, and arterial flow signal. No cardiac gating maneuvers were used.
Coronal, axial, and sagittal acquisitions were obtained routinely during suspended respiration, with a breath-hold period per section of 8 to 10 s. Using time-of-flight MRA, artifactual signal loss may occur if flow is close to being in the imaging plane due to repeated exposure of spins in flowing blood to imaging pulses. 12 Therefore, when imaging complex three-dimensional (3D) anatomy, as with the chest veins, multiplanar imaging should be performed to ensure that at least one imaging plane produces maximum through plane signal. This prolongs total imaging time but if normal venous anatomy is shown by the initial coronal imaging, then further images are not required. The FOV was adjusted from 350 to 450 mm, depending on patient size. Sequential single sections, 5-mm thick, were overlapped by 1 mm and were processed using a commercially available maximum-intensityprojection (MIP) algorithm to generate 3-D projectional venograms. Typically each study was completed in 30 min, but if normal venous anatomy is demonstrated on the initial coronal images, total imaging time can be reduced to less than 10 min.
METHODS OF ANALYSIS
All MR venograms were reported blind of other imaging (usually contrast venography). Both the 3-D projectional venograms and the individual two-dimensional images were reviewed. Patency was represented by high signal in the anatomic position of a major vein on at least the individual two-dimensional images in an appropriate imaging plane. Artifactual signal suppression can occur using the MIP algorithm if vessels with high and low signals are close to each other; therefore, a definitive diagnosis of occlusion was made from the two-dimensional images. Occlusion was represented by absence of flow signal on all images, including at least one set of images in a plane near perpendicular to the expected direction of flow. Signal loss may occur artifactually because of in-plane signal saturation if the imaging plane is parallel or nearly parallel to the plane of flow in the vessel.
The reports of each study, read by one of us (G.G.H., J.P.F., H.E.L.), represented the prospective evaluation, blind to other studies. Attempted cannulation was always performed after MRA and the precannulation MR was therefore blind to these findings in all cases. All cases, in which there was correlative contrast angiography, were then reread blind (by G.G.H. or J.P.F.) to determine the extent of the demonstration of normal and abnormal veins by each technique.
RESULTS
Between January 1990 and April 1994, 84 patients were examined by MRA on 102 occasions, to assess patency of the central systemic chest veins. There were 52 women and 32 men with a mean age of 51.2 (8) years (range, 21 to 84 years). Associated pathologic conditions are detailed in Table 1 .
Correlative imaging was available in 30 patients and the results of attempted surgical line placement (aiming for vessels predicted to be patent by MRA) were available in 30 patients. Five patients had correlative imaging and surgical line placement. There was correlation between MRA and surgery or alternative imaging in 55 patients. The methods used for correlative imaging and the number of patients examined by each method are given in Table 2 .
The MRA findings are summarized in Table 3 . There were no known errors of MRA diagnosis as determined by correlation with other imaging methods or surgical line placement (55 patients). Occasionally spin-echo magnetic resonance imaging was also used (Fig 2) for further evaluation of an associated tumor mass, but this type of imaging was not evaluated further in this study.
Although difficult to quantify, MRA showed the full extent of collateral pathways more than any alternative method (Fig 3) . More 
